Background: Workers in the stone industry are exposed to many ocular health hazards. There is a paucity of data on the profile of ophthalmic disorders in this vulnerable group, especially in developing countries. Aim: We aimed to determine the burden and spectrum of ophthalmic disorders in stone workers in Abakiliki, Nigeria. Methods: In a population-based cross-sectional survey of stone industry workers conducted in Nigeria, between February and April 2012, relevant data from participants were collected. Descriptive and comparative statistics were performed and statistical significance was indicated by p < 0.05 in all comparisons. Results: Participants (n = 384; males, 158; females, 226) were aged 32 ± 11.8 SD years (range, 14 -68 years) and comprised 105 (27.3%) stone quarry workers and 226 (72.7%) stone processing workers. Of these, 298 (77.6%) had some form of ophthalmic disorder, which frequently involved the ocular anterior segment (69.9%) or posterior segment (4.9%). Work-related eye injuries were reported by 36.5% of employees. Leading disorders were anterior segment: pterygium-associated (37.9%). Visual impairment (2.9%) and monocular blindness (1.3%) were reported. The prevalence of eye disorders was not significantly associated with participant socio-demographic or work characteristics. Male gender (p = 0.001) and engagement in stone processing (p = 0.001) were significant predictors of work-related eye injury. Conclusions: Among stone industry workers in Abakaliki, Nigeria, there is a high prevalence of ophthalmic disorders, frequently of the ocular anterior segment, and work-related eye injuries are commonly reported. Occupational eye health education, provision of protective eye devices and appropriate ophthalmic care are suggested.
Introduction
Quarrying is the business, occupation, or act of extracting useful materials (such as building stones) from quarries [1] . It is associated with one of the greatest hazard exposures amongst industrial workers [2] [3] . These hazards can cause eye injury-related damage, initiate pathologic processes, or aggravate pre-existing disease conditions or disorders of the eyes [4] [5] . In Nigeria and other parts of Africa, several studies have shown a high incidence of work-related ocular injuries [6] [7] [8] . In Enugu, Nigeria, a prevalence of 81.7% of eye disorders has been reported, and 28.5% prevalence in work-related eye injuries among industrial workers has also been reported, apparently resulting from low utilization of protective eye devices while at work [6] . In other related Nigerian surveys, the reported prevalence of work-associated eye injuries ranges from 24.6% [9] to 52.2% [10] among welders in Port-Harcourt, Nigeria. Flying objects or particulate matter, hot gases, radiation, and chemical injuries have been implicated as causes of eye injuries at work [6] [9] [10] .
Non-traumatic ocular disorders are also common among industrial workers [11] although they could be partly attributed to a trend evident in the general population [6] . Among industry workers, disorders frequently result from induced or aggravated ocular degenerative changes [6] or allergic reactions [4] [12] associated with work-related eye exposures. Work-related injuries can lead to vision loss [13] , ocular morbidities, or even loss of the eyeball; these impact adversely on work productivity. Despite the established protective efficacy of personal or machine-based protective eye devices [14] and the explicit provisions of the "General Duty Clause" of the Occupational Safety and Health Act (OSHA) of 1970 [15] , industrial eye injuries and morbidities continue to occur, especially in the hazard-prone construction industries. This has been attributed to employers' non-observance of safety rules and employees' non-adherence to the provisions of OSHA and The Factory Act of 1990 [16] . Despite the enormity and visual consequences of job-associated eye injuries and morbidities in this vulnerable group of industrial workers, the ocular health status of such employees remains an under-researched area, especially in low-and middle-income-counties (LMICs) in sub-Saharan Africa [6] . Consequently, between
February and March 2012, we conducted a population-based cross-sectional survey to assess the ocular health status of stone quarry workers in Abakaliki town, Ebonyi state, south-eastern Nigeria. The findings generate benchmark data for intra-and inter-country comparisons. Additionally, the data provide an evidence base to assist industrial health policy-makers, planners, implementers 
Methods Background
Ebonyi state has several stone quarries that have been in existence for more than two decades. Although there is a degree of automation in several of the quarries, the majority of workers in state-owned stone quarry industries rely on use of the most primitive implements for surface excavation of stone. To date, there is no industrial health program, catering for the health needs of these workers, nor is there a health policy to ensure adequate protection against work-associated health hazards. This was a population-based, cross-sectional ophthalmic survey of stone quarry and stone processing industry workers in Ebonyi state, which was conducted between February and April 2012.
Eligibility: Technical workers (defined as stone drillers, breakers, and crushers) and labourers who had worked uninterrupted in the stone industry for at least 1 year were eligible. Excluded from participation were ancillary workers i.e.
administrative staff and non-technical workers such as drivers and security men.
Ethics: Prior to commencement of the study, ethics clearance, compliant with the 1964 Helsinki Declaration (as amended in 2013) was obtained from UNTH's Medical and Health Research Ethics Committee (Institutional Review Board). Furthermore, study approval was obtained from each stone mining or processing facility whose workers participated in the study. Written informed consent was obtained from each respondent.
Sample size and sampling: Due to a dearth of data from previous reports, we used a 50% prevalence estimate for eye injuries among stone industry workers and an error band of 5%. A minimum sample size of 384 was calculated using the formula, ( )
where n = minimum sample size; z = standard normal deviation of 1.96 at confidence level of 95%, P = 50%; d is the desired precision (error band) due to random sampling error of 5% = 0.05; n = {[1.96 × 1.96 (1 − 0.5) 0.5]/0.05} 2 = 384.
Sampling technique: The stratified sampling technique was used with a two-stage stratification based on job specification. The first sub-stratification delineated workers in the quarry and in the processing sub-sectors. This was followed by further sub-stratification of each sub-sector, based on job specification i.e. workers in the quarry sector were sub-stratified into blasters, drillers, breakers, and laborers, while workers in the processing sector were sub-stratified into crushers, breakers, and laborers. Each sub-classification based on job specification was adequately sampled. The calculated sample size was distributed amongst the various job specifications, based on proportionate representation. For example, the number (proportionate sample) of drill operators/drillers selected for participation was determined by dividing the total number of drillers by total number of workers, and multiplying this by the calculated sample size i.e. [Number of Drillers/Total Number of workers] × Calculated sample size.
After the proportionate sample size was determined for each job specification, the required sample size was drawn from the respective population of each job specification by simple random sampling using the workers' register as the sampling frame. The sampling interval (skip interval, κ) was defined by n/N where n = proportionate sample size and N = total number of workers in each job stratum. After a random start, each κ th name in the trade register was selected until the calculated sample size was obtained.
At the central Quarry site mine; there are 50 companies that operate with a total workforce of approximately 2600 employees. Using probability proportionate to size, the number of workers selected from each job specification was cal- Study instrumentation: The study instrument was a researcher-administered open-ended questionnaire and a proforma designed de-novo by the authors (See Appendix I). Prior to final deployment for the study, and to ascertain its psychometric reliability and construct validity, the instrument was pretested on 140 workers at the Ezza Inyimagu mines in Ebonyi state. The participants in the pretest were excluded from participation in the final survey. Feedback from the pretest informed questionnaire modifications to enhance its appearance, flow, and interpretation. The final version of the questionnaire/proforma contained sub-sections on participants' socio-demographics and work information: this included job description, history of work-related eye injury, adherence to safety measures, and findings on comprehensive ophthalmic examinations. The questionnaire was administered in the English language. However, a native interpreter literate in English, translated the proforma into the respondent's local Igbo dialect, if required.
Study procedure: Questionnaire administration and ophthalmic examinations were performed on each participant at the work site. After the completion of the questionnaire, each participant's monocular distance visual acuity (DVA) was measured using the Snellens' alphabet or illiterate E chart (Unique Opticals, Lagos, Nigeria), at 6 meters. For any DVA measurement less than 6/6, the test was repeated with a pinhole. Binocular near visual acuity (NVA) was measured at a distance of 33 cm using the Jaeger reading chart (Unique Opticals, Lagos, Nigeria). Both DVA and NVA measurements utilized daylight illumination. The ocular anterior segment was examined using the ophthalmic torchlight loupe (Welch Allyn Inc., Skaneateles Falls, New York, USA) at ×4 magnification and a portable slit lamp bio-microscope (ScanOptics, Adelaide, Australia). Where necessary, suspicious corneal lesions were stained with 2% sodium fluorescein (Akorn Direct Inc., Illinois, USA) and the slit lamp examination repeated using the cobalt blue interference filter. After achieving satisfactory mydriasis with topical tropicamide (Ashford laboratories, Macau, China), posterior ocular segment examination was performed using a direct ophthalmoscope (Welch Allyn Inc, Skaneateles Falls, New York, USA). The intraocular pressure was measured using the hand-held Perkins tonometer (Keeler Instruments, London, UK). Participants with minor eye ailments were treated in the field while those requiring further investigations or definitive treatment were referred to the nearby Ebonyi State University Teaching Hospital (EBSUTH), Abakiliki, Nigeria.
Operational definitions: For the purpose of this study, an industrial accident or injury was defined as any accident occurring during the course of activity related to industrial work [17] . When the eyes were involved, accidents were referred to as industrial eye accidents. Trauma was defined as a cause of blindness or visual impairment if, in the affected eye, it was the last event preceding visual loss [18] . 
Results
Participants' socio-demographic and job characteristics: The participants Overall, the leading ophthalmic disorders were those that affected the pterygium (37.9%), refractive error (19.5%), conjunctivitis (13.7%), and pingueculum (7.6%) ( Table 2 ). The prevalence of eye disorders did not differ significantly by participant age (≤40 vs. >40 years, p = 0.06), gender (p = 0.55), work experience (≤10 vs. >10 years, p = 0.98), or work sector (quarry vs. processing, p = 0.63).
Work-related eye injuries: Of the 246 (64.1%) workers with a previous history of work-related eye injury, the commonest types of injuries reported were Open Journal of Ophthalmolog workers had monocular blindness. The causes of monocular blindness were phthisis bulbi-1 (0.3%), glaucoma-2 (0.5%), anterior staphyloma-1 (0.3%) and nystagmus-1 (0.3%). Among the workers, the causes of poor vision (VA < 6/18) were uncorrected refractive errors-5 (1.3%), blinding pterygium-1(1.3%), cataracts-11 (2.9%), corneal opacities-1 (1.3%), glaucoma-3 (0.8%) and maculopathies-1 (1.3%). It is noteworthy that some participants had ocular co-morbidities resulting in poor vision. In a subgroup analysis, amongst participants with previous history of eye injury, 7 (2.5%) had visual impairment while 2 (0.5%) had monocular blindness.
Discussion
In our study, stone processing workers generally tended to be uneducated, married adult females, often with no or little work experience. The pro-female bias in the study is consistent with the findings in [19] but differs from the male gender dominance reported by Okoye et al. [6] . The poor work remuneration and non-requisition of pre-employment job experience make the stone industry work ideal for locally situated housewives who use the relatively meager income Table 3 . Job-specific frequencies of past eye injuries among 384 workers. by Uwakwe in a related survey [20] . In the present survey, the overall prevalence of work-related eye injuries was 32.0%. More stone processing workers than stone quarry workers reported previous work-related eye injuries. The prevalence in the present survey is comparable to the 31.8% [21] reported in Ireland but much lower than a prevalence of 49.0% reported in Iran [22] , 75.0% among farmers in Ethiopia [8] and 52.2% in another Nigerian report [23] . The differences may be explained by between-survey differences and similarities in participants' occupational eye health safety awareness and practices, provision and legislative enforcement of utilization of protective eye devices. Additionally, inter-industry differences in risks for eye occupational eye injury might be contributory [24] . This finding rationalizes the need for pre-employment and on-going occupational eye health education, and provision and enforced use of protective eye devices by workers in eye injury prone industrial settings.
The most prevalent ocular anterior segment disorders in the study cohort were pterygium (37.9%), conjunctivitis (13.7%), pingueculum (7.6%) and cataract (6.5%). The observed pattern of eye disorders correlates with the observations by Omoti et al. [11] where pingueculum was also a leading disorder. However, the findings differ from those of Edema et al. [9] who recorded foreign body as the commonest type of anterior segment abnormality. Between-survey similarities and differences in participant and industry characteristics, and climatic factors and influences might explain these differential observations. The high prevalence of pterygium and conjunctivitis might be attributed to the lack of environmental dust control measures or workers non-utilization of protective eye devices while at work. Additionally, the high prevalence of pterygium, a degenerative conjunctival disease, could be further attributed to the outdoor work environment and inherent exposure to ultraviolet radiation and dust. A similar dominance of degenerative ocular surface disorders have been reported by Okoye and Umeh [6] , Davies and colleagues [25] Droutsas [26] Alakija [27] , and Sultan [13] . Therefore, provision of preventive and therapeutic in-industry eye care interventions should receive priority for the appropriate management of these common eye disorders.
Cataracts were another common ocular anterior segment disorder in the study cohort despite the study comprising mostly young individuals. Similar to the findings of Bhurton et al. [28] , this could be attributed to the cataractogenic effects of outdoor work-related chronic exposure to ultraviolet radiation and work-related ocular trauma. Although a common practice in the study area, likely abuse of topical steroids for treatment of conjunctivitis from ocular irritation was not investigated in the study. The high prevalence of cataracts among individuals aged 40 years or older in the study area might be partly contributory [29] [30] . The investigators recommend the provision of environment-and job-appropriate protective eye devices for these stone industry workers who are at augmented risk. Additionally, targeted health education of these workers in Open Journal of Ophthalmolog relation to the treatment of common ocular disorders and prevention of work-related eye injuries are instructive.
Common ocular posterior segment disorders among the study participants were glaucoma (2.1%) and optic atrophy (1.6%). This is in partial agreement with the findings by Omoti et al. [7] who considered petroleum industry workers in southern Nigeria. Although these might be partly accounted for by work-related exposure hazards, genetic, nutritional and immunological influences [6] Refractive error (19.5%) and presbyopia (4.7%) were frequent "whole-globe" disorders noted for the study cohort. While the observed high prevalence of refractive error is attributable to this conditions being a leading cause of visual impairment in Nigeria [27] [30] the comparatively low prevalence of presbyopia could be accounted for by the comparatively younger age group of the participants aged 31 -40 years, relative to the typical age of onset of presbyopia i.e. 35 -40 years [31] .
The majority (78.6%) of the participants had normal vision; 19.8% had visual impairment and 1.3% had monocular blindness. The observed vision profile corroborates the findings by Okoye et al. [6] in a related south-eastern Nigerian study. Despite the high prevalence of eye disorders, the high proportion of workers with normal vision underscores the non-vision threatening nature of these disorders. However, this should not attenuate the vigilance of all earlier identified stakeholders in industrial eye health programs for incident visual loss among stone industry workers, through periodic screening eye examinations. This is especially important considering that normal vision has been shown to correlate negatively with occurrence of industrial accidents [28] .
Limitation of Study
The conclusions drawn from this study and the extrapolations of its findings are limited by the recall bias inherent in self-reported surveys. In addition since the sample size was calculated for the stone workers as a whole, findings of prevalence in each sub strata may not be as precise as the overall estimates.
Conclusion
The prevalence of ophthalmic disorders, predominantly of the ocular anterior segment, is high among stone quarry workers in Abakiliki, Ebonyi state, Nigeria.
Eye disorders resulting from work-related trauma are infrequent. Provision and enforced use of Personal Protective Eye Devises, occupational eye health education, and provision of tailored eye care services are warranted. 
